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Abstract 
In this work we demonstrate the fabrication process and electrical characterization of GaN/SiC heterostructure-based surface 
acoustic wave filters for highly-sensitive hydrogen sensors. In the acoustic propagation path, palladium metal is used as a 
hydrogen sensing layer. The influence of this layer on SAW velocity is measured. The impact of second-order effects on SAW 
filter properties is discussed. Two different interdigitated transducer (IDT) topologies are investigated in order to achieve the low 
insertion loss and high attenuation of triple transit echo (TTE). Finally, the sensory performance of designed delay line SAW 
oscillator is demonstrated 
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1. Main text  
1.1. Introduction 
Surface acoustic wave sensors offer exceptionally wide range of their applications in the industry [1], 
environmental [2] and safety monitoring [3] in harsh conditions [4], biological analysis [5] towards MEMS 
gyroscopes [6] and microfluidic sensors [7]. The gravimetric detection principle facilitates the selection of chemical 
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absorbing layers for gas sensors. No electrical parameter change of layer is needed for this detection mechanism. 
Moreover, the stability of electro-mechanical parameters of many piezoelectric materials dedicates these sensors for 
harsh condition applications [4]. In addition, very simple binary coding of sensor signal in time-domain can be 
implemented by this kind of devices. This is particular advantage for wireless-interrogated ID tags [1]. 
Gallium nitride allows high temperature operation of semiconductor devices up to several hundreds of degrees 
Celsius [8] thanks to its high bandgap and stability of piezoelectric coefficients. For this reason it is suitable for on-
wafer integration of SAW sensors with multidetector array signal processing electronics.  
Unfortunately, the fabrication of this material for small batches is still costly. Therefore, only thin film of several 
microns is usually grown on SiC substrates. Such an acoustic waveguide show very strong acoustic velocity 
dispersion [9] and wavelength-dependence of effective electromechanic coupling coefficients. The great benefit of 
this material is that elastic wave energy is confined within top epitaxial layer [9], what makes it more sensitive to 
surface perturbations than bulk material. This is particular advantage for mechanical sensors based on SAW. 
From electrical point-of-view, the SAW sensor is high frequency bandpass filter, whose characteristics can be 
affected by external stimulus. Therefore the knowledge of its equivalent circuit model is strongly desirable. Some 
authors simulate SAW sensor time domain impulse response using finite-element simulation software [10]. 
Frequency-domain transmission is obtained by Fourier transform of output IDT voltage. Unfortunately, this method 
is very computationally-intensive due to need of fine mesh for accurate calculation. 
Another approach uses ready-made SAW filter whose electrical characteristics are measured by network analyzer 
in frequency domain. The output data from this measurement (usually in Touchstone format) are then used in circuit 
simulators [11]. This approach is less resource-demanding, but requires the fabrication of several batches of 
prototype sensors. The third approach is based on either equivalent-circuit model (Mason equivalent circuit) or 
matrix description (Coupling of modes). Both approaches can be implemented into circuit simulators using analog 
behavioral modeling [12]. Unfortunately, this approach reflects reality the least due to inaccuracy of these models. 
1.2. SAW device fabrication technology and measurement 
An undoped GaN(3 nm)/AlGaN(17 nm)/GaN(1.7 μm) heterostructure was grown by MOCVD on a 470μm thick 
SiC substrate layer. To exclude 2-DEG screening effect on SAW excitation, the AlGaN barrier was etched out. 
Ni(20nm)/Au(100nm) interdigitated Schottky contacts were patterned by electron beam lithography and lift-off 
technique (Fig. 1. a). Solid electrode IDTs with period Λ=4, 3.2 and 2 μm and split electrode IDTs with period Λ=8, 
6.4 and 4 μm were fabricated. The metallization ratio η=0.5 was carefully maintained by adjusting the e-beam 
radiation dose (Fig. 1. b). The number of interdigital pairs was 20/40 and the transducer acoustic aperture was 
25/50Λ.  
Fig. 1. Optical micrograph of fabricated SAW structures (a); SEM detail of interditital transducer fingers (b). 
Electrical characteristics of prepared devices were measured on Agilent E8363 network analyzer. The single and 
split-electrode IDT were analyzed. Time gating method was applied on measured data to subtract the effect of 
electromagnetic crosstalk and reflected waves. Both types of transducers excite higher order guided Rayleigh modes 
(marked as R1, R2 [9]) in GaN over-layer. The single electrode IDT has the advantage in lower attenuation 
(Fig. 2. a) and twice shorter wavelength than its counterpart (Fig. 2. b) at the same lithographic resolution. Bragg 
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reflection condition is satisfied at synchronous frequency on single IDT. For this reason, strong reflected wave is 
excited on IDT edges. This wave interferes with incident wave causing TTE, what distorts the pass-band filter 
characteristic. Contrary to single IDT, the Bragg condition at split-electrode IDT is satisfied at twice shorter 
operation wavelength. This results in suppression of TTE at synchronous frequency (Fig. 2. b). On the other hand, 
the generation of fast transverse waves [9] is observed on this type of IDT. The large insertion loss of split-electrode 
SAW filter originates in low effective electromechanic coupling constant. This is due to the fact that SiC is 
piezoelectrically inactive and therefore only small portion electric field induced by IDT contributes to generation of 
SAW in electrically-thin GaN layer. For this reason it is convenient to have good lithographic resolution in order to 
concentrate the electric field within piezoelectric film. 
Fig. 2. SAW Transmission characteristics of solid electrode, Λ=3.2μm (a) and split-electrode, Λ=8μm (b) transducers. 
 For the purpose of SAW phase velocity measurement, the front-to-front transducer distance was altered in range 
50-200 Λ. On different structures, partial length of propagation path (40-190 Λ) was covered by 100 nm thick Pd-
metal hydrogen absorption layer. This was done for both phase velocity measurement on the surface covered by 
sensitive layer and sensory demonstration purpose. The transducer-to-transducer distance was kept short to suppress 
diffraction-induced effects. 
Fig. 3. Phase velocity determination on free and metalized surface (a); Sensor detection electronics photograph (b). 
Phase velocity was determined from linear fit of transmission coefficient passband phase characteristics with 
varying propagation path length. We found that relative velocity change between free and metallized surface is up to 
-10%. This implies that mass-loading effect strongly influences SAW velocity. Therefore, the standard method for 
estimation of electro-mechanical coupling factor from measurement of phase velocity on free and metalized surface 
would lead to erroneously overestimated values [13]. The contribution of mass loading is markedly higher than 
expected piezoelectric surface shorting. As a consequence, strong sensitivity of such prepared acoustic waveguide 
structures is expected. 
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1.3. Gas sensing experiment and conclusions 
The SAW delay-line microwave oscillator was designed to evaluate sensory characteristics of designed structure 
[11]. The sensor was placed in plexi-glass housing with gas inlet. Hydrogen and nitrogen gas were used as a sensed 
and carrier gas, respectively. The gas mixture pressure was equal to atmospheric pressure. The concentration of both 
carrier and sensed gas was controlled by mass-flow controllers. The oscillator frequency was measured by digital 
counter. The sensor shows very good stability, what is shown in transient characteristics (Fig. 4. a). The sensor 
frequency shift varies linearly with logarithm of hydrogen gas partial concentration by volume (Fig. 4. b). We can 
see that the sensor detection limit at room temperature is around 20 ppm and very low reaction time of 14 s at 1000 
ppm H2/N2 (Fig. 4. b) what makes it suitable for hydrogen leakage monitoring near room temperature. 
Fig. 4. Sensor transient characteristics (a); extracted concentration-dependent frequency shift and reaction time (b). 
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